Introduction
Mammalian cells possess a remarkable repertoire of responses to diverse stresses, particularly those inflicting structural damage to the genome. Upon exposure to DNA damaging agents, mammalian cells initiate a series of complex biochemical reactions designed to ensure the integrity of the genetic material. Mechanisms, which have evolved to detect structural alterations of the genome and induce cell cycle checkpoints, function in parallel with biochemical machinery that repairs the DNA damage. Much progress has already been made in identifying the molecular components and delineating the underlying mechanism of various DNA repair pathways (1) . Furthermore, it has become clear that UV and other types of DNA damaging agents activate cell cycle checkpoints that help prevent cells from undergoing division while unrepaired lesions are present in their genome (2) . Thus, cell cycle checkpoints presumably function to allow adequate time for the repair and to prevent deleterious consequences of incurred damage. Moreover, proteins that have a direct function in DNA repair pathways are also known to be involved in transcription and DNA replication processes (3, 4) . Despite unraveling many coincident properties and connection between these fundamental cellular processes (5) (6) (7) (8) , an in-depth understanding of the nature of their interaction, extent of coordination, and temporal sequence of events remains an active area of research in molecular carcinogenesis.
In mammalian cells, DNA damage increases the levels of the nuclear tumor suppressor protein, p53. This protein is functional both in cultured cells (9, 10) and intact animal tissues (11, 12) . In response to genotoxic insult, p53 can transcriptionally activate a range of target genes that affect cell cycle arrest and aids in the enhancement of DNA repair (2, 13, 14) and apoptosis (12, 15) . p53 not only engages a plethora of downstream pathways but itself seems to possess a biochemical flexibility that allows it to act beyond a mere transcription factor. Thus, p53 has recently been shown to play a direct role in NER pathway. Removal of a variety of DNA damage, including UV-induced photolesions and bulky adducts induced by chemical agents, are influenced by the presence or absence of p53 in the cells (16) (17) (18) (19) (20) . In mammalian cells, removal of most of these bulky DNA lesions by NER is non-random across the genome as well as occurs in a strandspecific manner (21) . Loss or disruption of wild-type p53 function has clearly been established to correlate with decreased GGR but not the TCR in various mammalian, including human, cells (16) . Decreased repair of bulk of the DNA in p53-deficient cells is also associated with a concomitant increase in the cellular sensitivity and apoptosis (22) .
While the role of p53 pathways in apoptosis, cell cycle checkpoints and now global genomic repair is reasonably well established, little has been resolved about the role of its downstream effectors in the maintenance of genomic stability, particularly DNA repair. Following DNA damage wild-type p53 protein functions as an effective and relatively stable sequence-specific transcriptional activator for the synthesis of a number of proteins that act as cell cycle regulators. p21 (also known as Waf1, Cip1 or Sdi1), is among one of these gene targets that acts as a downstream effector molecule for p53 action (14, 23) . However, p53 is not the only transcriptional inducer of p21 as it can also be regulated independent of p53 (24) . p21 acts by binding to cyclin-dependent kinases, inhibiting their activity, and has been shown to be involved predominantly in cell cycle arrest at the G1 phase, presumably to allow time for the repair of damaged DNA (25, 26) . Studies have shown that p21 can also inhibit proliferating cell nuclear antigen (PCNA) activity thereby blocking DNA replication (27) . NER of DNA damage induced by UV and other genotoxic agents is also shown to require active PCNA (28) . Based on the p53 and PCNA inter-connection, the possibility that p21 might also be somehow involved in the modulation of GGR and TCR has continued to be a subject of intense investigation. But, the published reports, using diverse approaches, have so far presented conflicting results regarding a definitive role of p21 in DNA repair. Earlier studies found that p21 was able to inhibit PCNA-mediated DNA replication with no discernible effect on NER (29, 30) . Other attempts reported an inhibitory effect of p21 on NER (31) . A recent study, using a specialized approach of CPD detection at nucleotide resolution and concluding that ablation of p21 expression actually enhances the repair capacity of p53-deficient human tumor cells, tends to support the inhibitory effect of p21 protein (32) . On the contrary, another recent report, based upon the quantitative assessment of CPD removal from the bulk DNA or individual target gene strands in multiple cellular systems, was unable to observe any meaningful differences to assign a role for p21 in NER (33, 34) .
In the present study, we have investigated the possible role of p21 in DNA repair by comparing the kinetics of repair of UV induced DNA damage in human colon carcinoma HCT116 cells expressing wild-type p53 but having a different status with regards to p21 expression. Our results demonstrate that, whereas, p21-/-cells undergo significant programmed cell death upon UV irradiation, the surviving fraction exhibited efficient repair of UV-induced DNA damage. Absence of p21 did not affect the removal of CPD from the TS or NTS of the p53 target gene sequence or the overall genome. Nevertheless, in vivo HCR of the in vitro UV-damaged CMV-driven luciferase reporter containing plasmid DNA revealed a measurable decrease in the reporter expression in p21-/-cells. Our previous findings have clearly shown that wild-type p53 is required for efficient NER repair. However, the combined results presented here show that p21 protein has little or no role in NER and the p53 based NER modulation is independent of its known regulation of p21 mediated checkpoint pathway.
Materials and methods

Cell cultures
Human colon adenocarcinoma HCT116 cells (p21ϩ/ϩ, p21ϩ/-and p21-/-; kindly provided by Dr Bert Vogelstein, The John Hopkins Oncology Center,
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Baltimore, MD) were generated by homologous recombination to create homozygous deletion of p21 (35) . The cells were grown in a humidified atmosphere of 5% CO 2 in DMEM (GIBCO-BRL, Bethesda, MD) supplemented with 10% fetal calf serum (Atlanta Biological, Atlanta) and penicillin/ streptomycin (GIBCO-BRL). For some experiments, to separate the newly synthesized from parental DNA, cells were pre-labeled with 25 nci/ml [ 3 H] thymidine (86 Ci/mmol) in the medium for 3-7 days. The medium was changed every 2-3 days.
UV-irradiation and post-treatment incubation of cells
For the assessment of DNA damage and repair in the different cell lines, the confluent cells in 150 mm dishes were washed and replaced with a thin layer of prewarmed PBS. The monolayers were irradiated at 20 J/m 2 of 254 nm UV dose and either lysed immediately or after further incubation in the medium containing 10 µM bromo-deoxyuridine and 1 µM fluoro-deoxyuridine for different post-exposure times. The irradiation was carried from a germicidal lamp at a dose rate of 0.5 J/m 2 as measured by a Kettering model 65 radiometer (Yellow Springs Instruments).
Western blot analysis
Exponentially growing cells were washed with PBS and exposed to 20 J/m 2 of UV dose and maintained in fresh medium for a 0 to 24 h period. At the indicated time periods, the cells were recovered by gentle trypsinization and immediately lysed by boiling for 10 min in sample buffer (2% SDS, 10% glycerol, 10 mM DTT in 62 mM Tris-HCl (pH 6.8), 10 µg/ml pepstatin, and 10 µg/ml leupeptin). Western blot analysis was performed as described earlier (36) . Protein extracts from~1.5 ϫ 10 5 cells were separated in 8 or 12% SDSpolyacrylamide gels and transferred to PVDF membranes using a semidry electroblotter (Hoeffer, San Francisco, CA). Equal protein loading was confirmed as described earlier (20) . For p53 protein detection, a mixture of anti-p53 antibodies (Ab-2 and Ab-6 from hybridoma clones 1801 and DO-1, Neomarkers, CA) was used at 1:200 dilution. Antibodies for the detection of p21 (clone DC60.2) were also used at a 1:200 dilution. Following incubation with the corresponding enzyme-conjugated secondary antibody (Boehringer Mannheim, Indianapolis, IN), the filter bound peroxidase enzymatic activity was detected using the enhanced chemiluminescence substrate reaction (Pierce, Rockford, IL) essentially according to the manufacturer's instructions using Kodak X-OMAT AR film. Rainbow protein size markers were run in parallel in all the experiments to localize the gel transfer regions for specific proteins and determine the transfer efficiency.
Isolation, purification and separation of parental DNA Cells were harvested at desired incubation periods by gentle trypsinization to maintain the high genomic integrity and immediately lysed for DNA isolation by a salt precipitation method (37) modified in our laboratory. Ethanol precipitated DNA was resuspended in 1 mM EDTA/10 mM Tris-HCl, pH 8.0 and extensively digested to completion with EcoR1 (5 unit/µg of DNA) at 37°C for 6-8 h. Complete digestion was verified by electrophoresis of sample aliquots on agarose minigels. The digested DNA was purified by extraction with phenol/chloroform (3.5:6), precipitated with ethanol and quantitated. Unreplicated DNA was then separated and isolated using cesium chloride isopycnic density gradient centrifugation. Gradients were fractionated and radioactivity in samples was measured in a scintillation counter to determine the amounts and position of parental and hybrid density DNA. Fractions of parental DNA were pooled and dialyzed against TE. The dialyzed parental DNA was ethanol precipitated and quantitated by absorption measurement at 260 nm.
Quantitation analysis of global genomic repair by ISB assay
The amounts of initial CPD formed and the damage remaining after genomic DNA repair from cells collected at various times following UV irradiation was determined using non-competitive immuno-slot assay, as previously described (38, 39) . Briefly, confluent cells were maintained overnight in serum free medium and exposed to 20 J/m 2 of UV dose from a germicidal UV lamp delivering at 254 nm. Cells were either immediately lysed for DNA isolation or incubated further in fresh medium for different repair times. For CPD estimation, several increasing concentrations of unirradiated, irradiated and repaired DNA samples were evaluated by standard immunoassay using dimer specific polyclonal antibody, as described earlier (40) . The damage levels were calculated by comparing the band intensities of the samples with UV modified DNA standard samples run in parallel on each filter.
Quantitation of transcription coupled repair by Southern blot analysis
TCR was analyzed by the modification of procedure originally developed by Hanawalt and coworkers (41) . Equal amounts (20 µg), of each parental DNA sample isolated from cells incubated for varying post-irradiation periods, were either treated with T4 endonuclease-V or enzyme buffer alone and incubated at 37°C for 1 h. A linearized plasmid (5 pg) DNA containing the p53 cDNA sequence was added into each sample as an internal standard. After incubation the DNA was purified by extraction with phenol/chloroform and precipitated with ethanol. The samples were then dissolved in denaturation buffer (20) and incubated at 37°C for 30-45 min to denature the DNA followed by electrophoresis in a neutral agarose gel (0.7%) for 18-20 h. The DNA in the gel was partially depurinated, neutralized and transferred to a nylon membrane (42) . Membranes were hybridized in 10 ml of solution containing 50% (v/v) formamide, 6ϫ SSC, 0.5% SDS, 5% dextran sulfate, denatured salmon sperm DNA (100 µg/ml), and 1-2 ϫ 10 8 c.p.m. 32 P-labeled single stranded exon specific probes generated by asymmetric PCR (43) . After 20-22 h hybridization time at 42°C, the membranes were washed to a final stringency at 62°C in 1ϫ SSC/1% SDS and exposed to a phosphorimager screen. The ratio of fulllength restriction fragment in the endonuclease-treated and untreated sample was determined by quantifying the individual band intensities upon imaging and processing by Imagequant software (Molecular Dynamics). The average number of UV-lesions per fragment were calculated by Poisson distribution as described earlier (44) .
Cell transfection and reporter assay Cells were transfected as described earlier (6) . Briefly, for each transfection experiment, exponentially growing cells (3 ϫ 10 5 ) were plated in triplicate in 35 mm dishes 18-20 h prior to plasmid transfection. Cells were transfected with 1 µg/dish of 1000 J/m 2 UV-damaged or undamaged control pCMV-Tag DNA. Transfection was performed using FUGENE 6 transfection reagent (Promega) according to manufacturer's instructions. Following 5 h of transfection, the transfection mix was removed and cultures were supplied with fresh medium for another 8 or 24 h. At the indicated times cells were harvested and lysed in 100 µl luciferase cell culture lysis reagent (Promega). Luciferase activity from 20 µl of cell lysates was assayed in a standard luciferase assay system (Promega). Reference standards and negative controls were run in each experiment, and the luminescence was recorded with a TD-20/20 luminometer (Turner Designs, Sunnyvale, CA). For co-transfection experiments, 1.0 µg of reporter plasmid was premixed with increasing amounts (0.25-1.0 µg) of p21 expression vector and transfected into p21-/-cells. Empty vector DNA was used to keep the total amount of DNA at a constant 2 µg for each transfection. After 8 and 24 h, cells were harvested, lysed and luciferase activity determined as described above.
Results
UV-induction response of p53 and p21 proteins in HCT 116 cells
The effects of UV-induced DNA damage on the p53 protein level and p53 regulated p21 gene product were examined in human adenocarcinoma HCT 116 cell lines and corresponding somatic cell knockouts of different p21 status (Figure 1 ). All three cell lines express wild-type p53 protein and upon DNA damage following 20 J/m 2 UV-irradiation exhibited a characteristic time dependent increase in their p53 protein levels. Previously, we have reported an induction in the levels 405 of p53 protein at 6-8 h following 20 J/m 2 UV-irradiation of human fibroblast cells and the induced levels were sustained up to 24 h (19). Current results are consistent with these findings as HCT116 cells also showed elevated levels of p53 protein with a several fold increase beginning 4-8 h and sustained higher levels up to 24 h following 20 J/m 2 UVirradiation. In comparison to p21ϩ/ϩ cells, both the p21ϩ/-and p21-/-cells showed relatively higher basal levels of p53 protein. Consistent with the wild-type p53 protein phenotype of these three cell lines, the p21 protein, a known transcriptional target of p53, responded to the induction of p53 by its elevated protein levels following UV-irradiation. However, no detectable levels of p21 protein were apparent in p21-/-cells, and a somewhat reduced amount of p21 protein was present in p21ϩ/-cells compared with p21ϩ/ϩ cells.
Repair of CPD in global genomic DNA following UVirradiation
The extent of induction and removal of CPD following DNA damage by UV-irradiation was immunologically determined using a sensitive immuno-slot blot assay with polyclonal antibodies specific for UV-induced CPD (39, 40) . HCT116 cells having different p21 (ϩ/ϩ, ϩ/-, and -/-) genotypes were exposed to 20 J/m 2 UV-irradiation and the levels of CPD measured immediately or at different repair times following UV-irradiation. The three cell lines exhibited an identical response with regards to the loss of antibody binding sites, a measure of CPD removal from the DNA. p21ϩ/ϩ and p21ϩ/-cells demonstrated about 60% and 61% removal of CPD, respectively, from their genome within 24 h following UVirradiation. Similarly, p21-/-cells were equally proficient and removed 55% of induced CPD within the same period. Neither the total extent nor the rate of elimination of CPD was significantly different between the cells of varying p21 status (Figure 2A ). To ensure that the loss of CPD was actually due to repair and not due to dilution of damage through DNA replication in actively dividing HCT116 cells, the GGR was measured in parental DNA after its separation from the replicated DNA by isopycnic cesium chloride density gradient sedimentation. As shown in Figure 2B , the pattern of repair with the parental DNA, both in terms of the extent and the rate, was again identical in the three cell lines. The same magnitude of DNA repair observed with the total DNA or upon separation of parental DNA is consistent with the growth arrest of HCT116 cells upon exposure to UV radiation. Strand specific repair of CPD Since p53 protein has been shown to participate in the GGR and no clearly demonstrable influence on the TCR, it is conceivable that this modulation is mediated through a downstream effector like p21. To determine such a differential strand-specific repair response the analysis of CPD was performed within the individual strands of target human p53 gene sequence of cells of varying p21 status. The rate of removal of CPD from the TS and NTS of the 16 kb EcoRI fragment of p53 gene was measured using T4-endonuclease site sensitivity of CPD and probing of individual DNA strands by Southern blotting. The reappearance of a full-length p53 target fragment was used as an index of disappearance of enzyme sensitive CPD due to in vivo cellular repair and the measurement of band intensities gave a direct comparison of the extent of damage processed in HCT116 cells under varying genetic backgrounds. Representative autoradiograms of these repair experiments are presented in Figure 3A . The three cell lines did not exhibit significant differences in the removal of CPD from either strand of the p53 gene. For example, 45% T4 endonuclease sensitive sites were removed from the TS of p21ϩ/ϩ cells compared with 32% and 40% for p21ϩ/-and p21-/-cells, respectively, at 4 h after irradiation. The repair was almost identical at 8 h and completed at 24 h in all three cell lines ( Figure 3B) . A similar pattern of repair was observed within the NTS of the three cell lines, although the overall repair was slightly lower compared with that of TS.
Host cell reactivation of exogenously damaged DNA
To further investigate the relationship of p21 function in DNA repair processes involving UV type DNA damage, HCR experiments were carried out in HCT116 cells expressing wildtype p53 but having different p21 (ϩ/ϩ, ϩ/-, and -/-) genotypes. The HCR assay utilized in this study consisted of a UV damaged or undamaged reporter plasmid encoding the CMV driven luciferase gene. The assay is based on the principle that UV induced DNA lesions strongly block transcription and these lesions must be repaired in order for the reporter gene to be expressed (45, 46) . Thus the luciferase activity can be apparent only to the extent of damage being repaired upon transfection and recovery of functional plasmid in a given cell. We treated CMV-driven luciferase reporter plasmid with 1000 J/m 2 UV radiation and then transiently transfected undamaged and damaged plasmid into p21ϩ/ϩ, p21ϩ/-and p21-/-cells. Control luciferase activity with unirradiated plasmid was in the order of 10 6 and 10 7 RLU at 4 and 8 h, respectively, in all the three cell lines. Data show that the three cell lines do not exhibit significant differences in the reactivation of CPD compromised luciferase reporter activity during 8 h posttransfection period. Nevertheless, at 24 h post-transfection, a small but statistically significant (~1.5-fold) decrease in the luciferase reporter activity could be seen in p21-/-cells ( Figure 4 ). p21-/-cells revealed 50% of control reporter activity compared with 65% and 78% respectively in p21ϩ/-and p21ϩ/ϩ cells at 24 h post-transfection. Moreover, when a wild-type p21 expression plasmid was co-transfected together with a UV-damaged or undamaged plasmid into p21-/-cells, we observed a dosage-dependent increase in percentage of the reporter activity at 24 h following transfection ( Figure 5 ). On the other hand, stimulation of transcription from both UVdamaged and undamaged plasmid was also observed ( Figure 5B), suggesting that enhanced DNA repair by p21 may be due to an effect on transcription rather than repair.
Discussion
Normal cells, challenged with stressor genetic insults, trigger a variety of intra-cellular programs that lead to cell growth arrest, senescence, or apoptosis. Eukaryotic cells have developed a network of highly conserved surveillance mechanisms (checkpoints), which ensure that damaged chromosomes are repaired before they are replicated during mitosis or segregated during meiosis. These mechanisms are essential for maintaining genomic integrity and cell and tissue viability. Cells respond to genotoxic stress by the induction of genes whose products can have protective function. A variety of DNA damaging agents, both physical and chemical, have been shown to activate p53 protein (47, 48) , which is one of the critical mediators of genotoxin induced cellular responses, acting at different levels of control during the cell cycle (11) . p53 is known to exert its multipotent biological function by inducing downstream mediator genes, e.g. p21, Bax and Gadd45 or through its interactions with other regulatory proteins which are involved either in cell cycle control, apoptosis or DNA repair (49) . Thus p53 centered signal transduction represents a very important mechanism in the cellular response to a variety of DNA damaging agents.
UV-induced DNA damage is predominantly repaired via the NER subpathways that require functionally active PCNA (28) . Ever since the reports that p21 interacts physically with PCNA (27) , and that p53 stimulates NER, there has been a high degree of interest in exploring the possibility whether downstream effectors of p53 are in some fashion involved in NER. In logical continuation of the previous work, identifying a of each panel) or from cells incubated for indicated time periods after UV-irradiation was digested with EcoRI and the unreplicated (parental) DNA separated from hybrid (daughter) DNA by CsCl density gradient sedimentation as described in Materials and methods. DNA fragments containing the sequences to be probed were included in each DNA sample as internal marker. Samples of 20 µg EcoRI digested DNA were then treated (ϩ) or mock-treated (-) with T4-endonuclease, electrophoresed under formamide denaturing conditions, Southern transferred to nylon membrane and hybridized with p53 strand-specific 32 P-labeled DNA probes. Bands marked as TS and NTS correspond to the 16 kb fragment of the human p53 gene, and the bands marked as IM correspond to the DNA fragments serving as internal markers. (B) Repair profile for the rate of removal of CPD within the TS and NTS of the human p53 gene. The frequency of induction of CPD and their rates of removal were determined as the re-appearance of the full-length restriction fragments in the T4 endonuclease-V treated and untreated sample upon quantitation by phosphorimager analysis. The average number of lesions (endonuclease-sensitive sites) per fragment was calculated using the Poisson equation. The bars represent SD of three independent experiments. modulating role of p53 in GGR of physical and chemical agent-induced lesions (16) (17) (18) (19) (20) 33, 50) , we have now investigated whether p21 is directly or indirectly involved in the regulation of NER by p53. Approaches, analogous to our use of human cells expressing wild-type p53 but having different p21 (ϩ/ϩ, ϩ/-, and -/-) genotypes, have proven quite useful in understanding the nature and extent of repair modulation by cellular regulatory proteins. Thus, as expected, the data clearly show a UV-induced response of p53 as well as p21 proteins 407 that is consistent with their genotypes. Several fold increase in the p53 protein level suggested a normal response of cells to DNA damaging agents with respect to the induction of p53. Consistent with the augmented p53 expression, the p21ϩ/ϩ and p21ϩ/-cells also responded with an increase in their p21 protein levels. Notably, a complete absence of p21 protein in p21-/-and a relatively reduced amount of p21 protein present in the p21ϩ/-compared with p21ϩ/ϩ cells provided a suitable background for repair assessment under inherently different in vivo concentrations of p21 protein. In this regard, our cellular system is similar to that of DLD1 tumor cells in which the ablation of p21 has been reported to enhance the NER (32) . It should be noted, however, that DLD1 tumor cells are mutant for p53 and considered functionally p21-deficient in cellular response to genotoxic damage. No p21 protein was detectable before or after UV irradiation in either the p21ϩ/ϩ or p21-/-DLD1 strains (32) , making any conclusions regarding the effect of p21 in these cells difficult. Moreover, the difference in NER results of these two analogous studies could perhaps be attributed to the DLD1 study's application of the more rigid LMPCR for monitoring the fate of CPD at individual damage sites that are known to have heterogeneity vis-à-vis excision under varying sequence contexts and presumably chromatin assembly related factors (16, 51, 52) . It may be noted that the LMPCR approach has also identified a role for retinoblastoma protein (51) while several other studies, using diverse systems, have failed to indicate any such function for this protein (16, 18, 50, 53) .
All the studies, reported so far, are unequivocal regarding the participation of p53 in NER (16) (17) (18) (19) (20) 34, 50, 51, 53, 54) . However, the question as to what extent the p53 protein participates directly in DNA repair (55, 56) versus indirect modulation through p53 regulated gene products that may interact with NER components remains to be fully established. Evidence has just begun to appear for the potential participation of some of the p53 regulated gene products in the NER process (9, 54) . But, the evidence related to p21 protein has been controversial perhaps because of the diverse systems and approaches applied to discern the p21 dependent effects. Some times application of even the similar schemes has produced divergent results. For example, using in vitro cell free systems, two reports indicated that p21 was able to inhibit PCNA mediated DNA replication without affecting NER (29, 30) . Whereas, the similar in vitro approach reported an inhibitory effect of p21 on NER (31) . Using a direct CPD measurement by antibodies or dimer sensitivity to T4-endonuclease, we found that p21 deficiency did not affect the removal of CPD to a significant degree. Our data clearly show that, although the repair being slightly lesser in p21-/-cells at 4 h compared with p21ϩ/ϩ and p21ϩ/-cells, all the three cell lines efficiently remove CPD from both the strands of the p53 gene at later time points. The three cell lines also maintained preferential repair within the TS of the p53 gene. Identical results were also obtained by direct quantitation of GGR of CPD, using the dimer specific antibod-ies. These experiments also showed that the three cell lines were proficient in the removal of CPD from the genome overall with equal efficiency, however, a slight difference in repair (less than 10%) in p21-/-cells was observed at 24 h compared with p21ϩ/ϩ and p21ϩ/-cells. These results are fully consistent with recent reports applying same approaches for the CPD measurement (34, 57) . These later studies have assessed the kinetics of dimer removal from the overall genome as well as CPD from either strand of the mouse dhfr gene and concluded that p21 is not required for GGR or TCR. Similar conclusions regarding repair modulation were obtained with studies of human cells (34) . Therefore, based upon these latest studies that were aimed at analyzing the primary recognition and/or incision step of NER process, the effect of p21 appears to be minimal, if any, particularly in the context of DNA damage processing involving the complexities and constraints operational at the whole chromosomal level.
To investigate the possibility of p21 acting at the level of post-incision repair synthesis, the ability to restore the activity of a damaged reporter target was analyzed in p21-proficient and -deficient cell lines. It may be noted that in assessing the HCR, the test cells are not subjected to damaging effects of the agents. So, unless the UV induced DNA lesions, that present a strong block for transcription, are fully repaired by the in vivo removal of lesion as well as repair replication at the excision site, the reporter gene cannot be expressed. Thus, the levels exhibited by the damaged compared with undamaged reporter gene expression reflect the extent of repair restoration of target gene during its transient existence and the repair proficiency of a given cell line (58, 59) . Earlier HCR studies observed a reduced repair of UV or cis-platinum damaged plasmid DNA in p21-/-HCT116 compared with their parental p21ϩ/ϩ cells and assigned a clear role for p21 in NER. Moreover, the absence of p21 was also indicated to coincide with the reduced sensitivity and increased mutagenesis in p21-/-cells (59) . Our reporter expression experiments were able to confirm the decreased HCR in p21-/-cells as we observed a statistically significant difference in the reporter activity at 24 but not at 8 h after transfection. Our data also confirmed the restoration of enhanced HCR ability of p21-/-cells upon expression of exogenously incorporated p21 function. However, our data indicate that p21 expression had a greater effect on transcription than on DNA repair. The net effect, attributable to possible modulation of DNA repair, was quite marginal and makes it difficult to comment on potential implications or mechanistically linking p21 to discrete events of damage processing pathway either before or after lesion incision. Close examination of the results of the earlier study also reveal that the differences in the reporter activities within p21ϩ/ϩ versus p21-/-cells were typically in the modest range of~10% (59) . Nevertheless, this enhancement of reporter activity has been envisioned as the stimulation of repair capacity due to the interaction of p21 with PCNA and presumed modulation of processive DNA synthesis.
To date, extensive investigations on the possible role of p21 on NER and the divergent nature of observations of most of the studies have led to interesting conjectures ranging from acquisition of tumorigenesis initiating mutations to the potential development of anti-cancer drugs based upon disrupting interactions of p21 with its target NER related proteins, e.g. PCNA. While these efforts are worthwhile and many suggestions appear quite logical in the context of differing but actual observations, the current state of the important and interesting 409 area of p21-dependent modulation of NER research warrants a more critical appraisal prior to embarking on any major scientific undertakings based upon loose or even faulty interpretation of the available information. Clearly, data presented here fail to support a role for p21 in DNA repair. But, this need not be the last word. However, future investigators should be able to rest their p21 related NER work on a firmer foundation that carefully considers the bulk of evidence for and against p21-NER connection.
